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Abstract 
We have investigated the influence of combined additions of Ag2O and BaO2 with the aim of producing good-
quality single-grain SmBa2Cu3Oy “Sm-123” material in air, and have characterized its superconducting performance 
with a SQUID magnetometer. The quality of the Sm-123 material was improved with increasing the Ag2O content 
from 0 wt% to 20 wt%. Magnetization measurements indicated that the Tc (onset) increases with Ag2O concentration 
i.e. from 86 K to 92 K for Ag2O addition of 10 wt% to 20 wt%.  At 77 K, the critical current density of 10 kA/cm
2
was achieved at 0 T (self-field).  These results indicate that high-performance bulk Sm-123 materials can be 
fabricated even in air when optimum quantity of BaO2 and silver is added. 
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1. Introduction 
   LREBa2Cu3Oy (LRE: Nd, Sm, Gd, NEG, etc.,) melt-textured materials exhibit superior pinning performance as 
compared to that of YBa2Cu3Oy “Y-123” system [1, 2].  For most bulk applications, such as superconducting 
permanent magnets, flywheels, magnetic bearings, non-contact transport systems, large-grain samples with high 
critical current density (Jc) are required. These systems have a LRE1+xBa2-xCu3Oy-type solid solution. When melt 
processed in air, a substitution of trivalent LRE for bivalent Ba takes place, leading to a depression of a hole or 
carrier concentration and thereby resulting in a low superconducting transition temperature, Tc. To overcome this 
problem and obtain high performance LRE-123 material processed in air, oxygen-controlled melt-growth (OCMG)  
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is developed by shifting chemical compositions towards Ba-rich condition [3,4].  In recent years significant 
advances have been made in fabricating single- grain, and high-performance LRE-123 bulk pellets by means of the 
oxygen-controlled melt-growth process [4].  The target of the present study is to reduce fabrication cost, at least 
comparable to the level of Y-123. For cost reduction, batch processing of numerous LRE-123 disks with minimum 
failure seed crystals and processing in air is essential. The Gd-123 superconductors are grown in batch production 
by using the new class of novel thin film Nd-123 seeds grown on MgO crystals [5].   
   Magnetization results confirmed that batch processed Gd-123 samples have a sharp superconducting transition 
(around 1 K wide) with the onset Tc around 93.5 K. The self-field Jc of 72 kA/cm
2 was achieved at 77 K, H//c-axis in 
various positions of the pellet. The trapped field measurements showed that the samples were single-domain and of 
good pinning performance. The trapped field observed in the best 45 mm single-grain puck of Gd-123 was in the 
range of 1.35T and 0.35 T at 77.3 K and 87.3 K, respectively.  On the other hand, the Sm-123 bulk materials 
produced in air with Ba-rich method, where BaO2 content is around 3 wt% in the Sm-123 matrix gave high 
performing results [6]. Our recent results also confirmed that for higher concentrations of BaO2 (>3wt%), Tc was 
slightly depressed, but the superconducting transition was still quite sharp.   Furthermore, for batch production of the 
Sm-123 material in air, an optimization of Ag2O content is necessary.   The Ag2O content improved the mechanical 
performance, magnetic properties, and the superconducting transition temperature of Sm-123 samples. For this 
reason, we made small pellets with the initial size of 20 mm diameter and varied the Ag2O content from 0 wt%, 
10wt%, 20wt%, 25wt%, and 30wt% and made Sm-123 samples in a box furnace using MgO seeds.  We studied the 
effects of Ag addition on processing and superconducting properties of the Sm-123 material. 
2. Experiment details 
For the production of Ag added Sm-123 bulk materials, high-purity commercial powders of Sm2O3, BaCO3 and 
CuO were mixed in the nominal composition of SmBa2Cu3Oy. The starting powders were thoroughly ground and 
calcined at 880ºC and 900oC for 40 hours and then pressed into pellets. Sintering was performed at 935º C for 15 
hours. This process was repeated twice, in air. Simultaneously, the powders of Sm2O3, BaO2, and CuO were mixed 
in the nominal composition of Sm2BaCuO5 and calcined three times at 870º C, 900º C and 905º C for 10 h. 
Subsequently, the Sm-123 and Sm-211 powders were mixed in the molar ratios of Sm123:Sm211 = 10:5. In order to 
suppress coarsening of the Sm-211 particles during the melt process, 0.1 wt% Pt and 1 mol% CeO2 were added. 
Moreover, 3wt% of BaO2 was added to suppress Sm/Ba solid state substitution in the superconducting phase 
composition on the basis of our earlier results [6]. To optimize the superconducting and mechanical performance of 
the bulk, we added the 0wt%, 10wt%, 20wt%, 25wt%, and 30 wt% of Ag2O while keeping the constant 3wt% of 
BaO2. All constituents were thoroughly mixed for 3 hours in a milling machine incorporating an electrical mortar 
and pestle.  
   The mixed powders were pressed into pellets about 20 mm in diameter and 12 mm in thickness by uniaxial 
pressing.  The thermal stability of these materials was analysed by differential thermal analysis (DTA) in air. The 
experiments are carried out in Al2O3 cups with a MAC SCIENCE TG-DTA2000S apparatus with a heating rate of 
25 oC min-1. The temperature of phase transitions were determined from the onset temperature in the DTA peaks are 
used to schedule the heat treatment profile of the melt growth process for Ag2O added different Sm-123 samples. 
The MgO single crystals were placed at the top center of each pellet, which were then melt-grown in air. The heat 
treatment profile used in the present experiment was as follows.  The sample was heated in 8 h to 880 oC and held 
there 5 min and heated to 50 min to the temperature 80 oC above the peritectic temperature (Tp) and held there for 40 
min. Then the temperature was reduced during 30 min to 2 oC above T p, and slowly decreased by 25 
oC with a 
cooling rate of 0.15 – 0.5 oC/h.  Finally, the temperature was reduced with a cooling rate of 20 oC/h to 100 oC and 
then the furnace was left to cool down to room temperature.  
   For magnetic measurements small specimens with dimensions of a u b u c = 1.5 u 1.5 u 0.5 mm3 were cut from 
as-grown pellets and annealed in flowing O2 gas in a temperature range of 475 - 425
oC in 200 hours.. Magnetization 
hysteresis loops (MHL's) were measured at 77 K in applied fields up to 5 T using a commercial superconducting 
quantum interference device (SQUID) magnetometer (Quantum Design, model MPMS5). The external magnetic 
field was applied parallel to the c-axis of the samples. The magnetic Jc values were estimated based on the extended 
68   Y. Hashimoto et al. /  Physics Procedia  58 ( 2014 )  66 – 69 
Bean’s critical state model using the relation  
Jc=2'm/[a2d(b-a/3)] 
where d is the sample thickness, a, b are cross sectional dimensions, b t a, and 'm is the difference of magnetic 
moments during increasing and decreasing field processes in the M-H loop [7]. 
3. Results and discussion 
   Figure 1 shows optical micrographs of the Sm-123 samples with 0 and 20 wt% Ag2O grown in Air. The pellet size 
was 20 mm in diameter in the as-grown state.  The trace of MgO seed is seen on the center of the sample.  It is 
evident that for 20wt% of silver concentration in the bulk, the nucleation occurred only at the seed and the crystal 
grew as a single grain toward the sample edge.  When Ag2O content exceeded 30 wt%, Ag particles tended to 
segregate on the surface of the bulk and the single grain growth was not successful.  
Fig. 1 Optical micrographs of Sm-123:Sm-211 (10:5) + 3wt% of BaO2 + 0.1 wt% Pt and 1 mol% CeO2: (left) silver-free; and (right) 20 wt% 
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Fig. 2. Temperature dependence of DC magnetic moment for air processed Sm-123:Sm-123:Sm-211 (10:5) + 3wt% of BaO2 + 0.1 wt% Pt + 1 
mol% CeO2with different contents of Ag2O.  
   Figure 2 displays the temperature dependence of dc magnetic susceptibility in zero-field-cooled regime in 
magnetic field of 1 mT, for the 3wt% BaO2 and varying contents of Ag2O added Sm-123 samples.   From Fig. 3 it is 
evident that the Tc (onset) increases with Ag2O concentration from 91 K for 0 wt% to 92 K for 20 wt%. For higher 
concentrations of Ag2O Tc got slightly depressed (see inset of Fig.2).  In all the samples Ag2O content around 20 
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wt% showed a highest transition temperature. These results indicate that both combined addition of BaO2 and silver 
is essential to grow the Sm-123 samples in air.   Figure 3 shows the field dependencies of Jc measured at 77 K for 
Sm-123 samples with different Ag2O contents.  From the figure,  it can be seen that the sample with 20 wt% of 
Ag2O exhibits a Jc value of 10 kA cm
-2 at 77K and 0T (self field, H//c-axis), which is still lower than the samples 
processed  in partial oxygen pressure [8].  The critical current density at 77 K, 70 K, 65 K, 60 K, 55 K, 50 K, and 40 
K of the Sm123 with 20wt% Ag2O composites is presented in Figure 5. Note that the critical current density 
increased dramatically with decreasing the temperature, from 77 K up to 40 K. At 40 K, the critical current density 
reached 80,000 A/cm2 and 60,000 at 0 and 2 Tesla (H//c-axis) respectively. Note that the Sm-123 samples are 
usually melt-grown in a reduced oxygen atmosphere to reduce solid solution both in the Sm-123 matrix and in the 
Sm-211 phase. Therefore, temperature and environment are critical parameters to control superconducting and 
magnetic properties of these materials. In the present experiments, silver was molten during the melt growth process, 
which made the situation significantly different from that of the process without silver. The molten silver might 
change the atmosphere equilibrium  in the melt solution such that the oxygen partial pressure near the sample 
surface will be reduced.   The improved superconducting properties in 20wt% of silver addition might be, therefore, 
attributed to a local change of partial oxygen pressure. This conclusion is supported by the results of Tc and Jc at 77 
K in LRE-123 (LRE = Nd, Sm, Eu, Gd) systems under reduced oxygen partial pressure [1]. These results suggest 
that Ag addition is effective in improving the performance of the air grown Sm-123 material and need further 
optimization to improve the material quality of these samples processed in air. 
FIG. 3. Field dependence of the super-current density at 77 K (H//c-axis) for melt processed  Sm-123:Sm-123:Sm-211 (10:5) + 3wt% of BaO2 + 
0.1 wt% Pt + 1 mol% CeO2 with varying contents of Ag2O (left figure);  Field dependence of the super-current density of the Sm-123:Sm-211 
(10:5) + 3wt% of BaO2 + 0.1 wt% Pt + 1 mol% CeO2with 20wt% Ag2O, measured from 40 K to 70 K with H||c-axis (right figure). 
4. Conclusion 
   We aimed at producing high performance bulk SmBa2Cu3Oy superconductors in air, and performed a combined 
addition of BaO2 and Ag2O.   The experimental results confirmed that a combined addition of BaO2 and Ag2O was
surely effective in improving the quality of Sm-123 material melt-processed in air.   Onset Tc of 92K was achieved 
in the sample with 3wt% BaO2 and 20wt%Ag2O.   At 77 K, the critical current density of 10 kA/cm
2 was achieved 
at 0 T (self-field) for the Sm123 material with 20wt% of silver oxide.  These results indicate that high-performance 
bulk Sm-123 materials can be fabricated in air when optimum quantity of BaO2 and silver is added.  
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